Role of Plant Growth Promoting Rhizobacter Strain Reduce Application Rates Mineral Fertilizer in Barley by TURAN, Metin & SAHIN, Fikrettin
 
Original Article 
 
Role of Plant Growth Promoting Rhizobacter Strain Reduce 
Application Rates Mineral Fertilizer in Barley  
 
TURAN Metin*, Fikrettin SAHIN 
 
Yeditepe University, Kayisdagi, Istanbul 34755, Turkey 
 
Received 10 March 2013; received and revised form 29 March 2013; accepted 7 April 2013 
Available online 1 June 2013 
 
 
Abstract 
 
N2-fixing and P-solubilizing bacteria are important in plant nutrition increasing N and P uptake by the plants, and 
playing a significant role as plant growth-promoting rhizobacteria (PGPR) in the biofertilization of crops. N2-fixing and P-
solubilizing bacteria have great potential to enhance nutrient availability with increase the soil enzyme activity. The present 
study was conducted two different locations (Erzurum and Ispir) in the Eastern part of Turkey to investigate the effects of 
seed coating by N2-fixing and P-solubilizing PGPR strains on soil enzyme activities (dehydrogenase, urease, alkaline 
phosphates, and acid phosphates) and barley (Hordeum vulgare L.) growth in comparison to control and optimum and half 
of N fertilizer doses application under field condition in 2007 and 2008. The treatments included control (no inoculation 
and fertilizer), Nitrogen (40 kg N ha-1), Nitrogen (80 kg N ha-1), Bacillus OSU-142, (5) Bacillus M-3, Azospirillum sp.245, 
OSU-142 + M-13 + Azospirillum sp.245, Bacillus megaterium RC07, Paenibacillus polymyxa RC05 and B. licheniformis 
RC08. All bacterial inoculations, especially mixed inoculation, significantly increased enzyme activities and uptake of 
macro-nutrients (N, P, K, Ca, Mg and S) and micro-nutrients (Fe, Mn, Zn, and Cu) of grain, leaf, and straw part of the 
barley compared to the control. The data suggested that seed inoculation with OSU-142 + M3 + Azospirillum sp.245 may 
substitute N and P fertilizers in barley production. 
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1. Introduction 
 
 Nitrogen and phosphorus are known to be 
essential nutrients for plant growth and development. 
Intensive farming practices that achieve high yield 
require chemical fertilizers, which are not only costly 
but may also create environmental problems. The 
extensive use of chemical fertilizers in agriculture is 
currently under debate due to environmental concern 
and fear for consumer health. Consequently, there has 
recently been a growing level of interest in 
environmental friendly sustainable agricultural 
practices.  
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 Bio-fertilizer is defined as a substance which 
contains living organisms which, when applied to 
seed, plant surface, or soil, colonize the rhizsphere or 
the interior of plant the plant and promotes growth by 
increasing the supply or availability of primary 
nutrients to the host plant [1]. 
Soil enzymes mainly originate from the soil 
microorganisms, which can indicate microbial 
activities in the soil environment. Soil enzymes play 
an important role in organic matter decomposition 
and nutrient cycling. The activity of enzymes is 
affected by abiotic conditions, by the chemical 
structure of soil and microbial population [2, 3]. To 
predict the potential impact of environmental changes 
on soil nutrient cycling, it is necessary to detect the 
spatial distribution of microbial biomass and enzyme 
activities, and also to understand the relationship 
among soil enzyme activities, biotic, and abiotic 
factors [4]. 
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Bio fertilizers are well recognized as an 
important component of integrated plant nutrient 
management for sustainable agriculture and hold a 
great promise to improve crop yield [5, 6]. A group 
of bio-fertilizers called plant growth promoting 
rhizobacteria (PGPR) [7] contain strains from genera 
such as Pseudomonas, Azospirillium, Azotobacter, 
Bacillus, Burkholderia, Enterobacter, Rhizobium, 
Erwinia and Flavobacterium [8]. Thus organisms are 
important for agriculture in order to promote the 
circulation of plant nutrients and reduce the need 
from chemical fertilizers. Most of the studies 
reporting beneficial effects of the above mentioned 
PGPR were carried out in warm and subtropical 
climates with favorable ambient temperatures. These 
bacteria may not be effective in cold temperature 
conditions. Therefore, a study was conducted in order 
to investigate the effects of alone and in combinations 
with N2-fixing and P-solubilizing PGPR strains on 
nodulation, plant growth, nutrient uptake and grain 
yield of wheat in the cold highland (Erzurum) and 
low land (İspir) plateaus. 
 
2. Material and Methods 
 
Plant Material. Barley (Hordeum vulgare  
var Tokak), described as a local barley cultivar 
commonly grown in Erzurum province conditions, 
alternative- habit wheat genotype, suitable for rainfall 
or unirrigated conditions, white and 36 g 1000-seed 
weight, tall (115 cm), susceptible to lodging, cold, 
and stripe rust. Site selection. In order to investigate 
the effects of seed inoculation with PGPR on yield 
and yield components of Barley (Hordeum vulgare  
var Tokak) in the field experiments at two sites, 150 
km apart from each other. The first (I) field is located 
in the Coruh valley in Erzurum in eastern Anatolia, 
40° 28' N and 40° 58' E with at an altitude of 1120 m, 
and the second field is in the Agricultural Research 
and Experimental Farm at the Atatürk University, 
Erzurum in Eastern Anatolia region of Turkey, 29° 
55' N and 41° 16' E with an altitude of 1950 m. The 
soils were classified as Entisol and Aridisols 
according to the USDA taxonomy [9]. Field 
experiment. The experiments were conducted using a 
randomized complete block design in a factorial 
arrangement each having 10 main treatments as 
control (without inoculation and any fertilizer 
application), Nitrogen ( 80 kg N ha-1), Nitrogen (40 
kg N ha-1), Bacillus OSU-142, Bacillus M-3, 
Azospirillum sp. 245, Mixed (OSU-142 + M3+ 
Azospirillum sp. 245), Bacillus megaterium RC07, 
Paenibacillus polymyxa RC05 and Raoultella 
terrigena for 2007 and 2008. Barley was sown in 7 m 
x 4 m plots having 34 rows so as to give 18 kg seeds 
da-1 (430 seeds per m2) on 10 and 17 May in 2007, 4 
and 2 May in 2008 at site I and site II. Maximum care 
has been taken not to contaminate and mix bacterial 
inoculations during sowing. Soils samples (0-30 cm) 
were collected prior to the experiment sites in 2007 
and 2008 (20 soil samples per plot) to determine 
baseline soil properties. Soil samples were air-dried, 
crushed, and passed through a 2-mm sieve prior to 
chemical analysis. Cation exchange capacity (CEC) 
was determined using sodium acetate (buffered at pH 
8.2) and ammonium acetate (buffered at pH 7.0), the 
Kjeldahl method was used to determine organic N 
while plant-available P was determined by using the 
sodium bicarbonate method),. electrical conductivity 
(EC) was measured in saturation extracts, soil pH 
was determined in 1:2 extracts, soil organic matter 
was determined using the Smith-Weldon method, 
exchangeable cations was determined ammonium 
acetate buffered at pH 7 and micro elements in the 
soils were determined by Diethylene Triamine 
Pentaacetic Acid (DTPA) extraction methods [10]. 
Soil urease, dehydrogenase, and phosphatese (acid 
and alkaline) enzyme analysis were determined 
according to Tabatabai [11]. Some soil physical and 
chemical properties are given in table 1. Barley was 
irrigated twice at site I and site II at the beginning of 
stem elongation and booting stage. Weeding was 
done by hand when required. No pesticide and/or 
herbicide were applied. Harvesting was performed 
excluding side rows and 1 m from each end of plots 
on 12 and 18th of September for 2007, and on 14 and 
25th of September for 2008. Plants were cut by hand, 
approximately 5 cm above ground level to measure 
grain and stubble yields.Plant Analysis. Plant samples 
(leaf, straw and grain) were oven-dried at 68oC for 
48 h and ground to pass 1mm sieve. The Kjeldahl 
method and a Vapodest 10 Rapid Kjeldahl 
Distillation Unit (Gerhardt, Konigswinter, Germany) 
were used to determine total N [12]. Macro- (P, K, S, 
Ca Mg and Na) and micro-elements (Fe, Mn, Zn, and 
Cu) were determined after wet digestion of dried and 
ground sub-samples using a HNO3-H2O2 acid 
mixture (2:3 v/v) with three step (first step; 145ºC, 
75%RF, 5 min; second step; 180ºC, 90%RF, 10 min 
and third step; 100ºC, 40%RF, 10 min) in microwave 
(Bergof Speedwave Microwave Digestion Equipment 
MWS-2) [13]. Tissue P, K, S, Ca, Mg, Na, Fe, Mn, 
Zn, and Cu were determined using an Inductively 
Couple Plasma spectrophotometer (Perkin-Elmer, 
Optima 2100 DV, ICP/OES, Shelton, CT 06484-
4794, USA) [14].Statistical analysis. The data were 
subjected to analysis of variance (ANOVA) using 
SPSS 13.0 (SPSS Inc., [15]) statistical program. 
Since “year x treatment” interaction was not 
significant in many parameters evaluated, data were 
combined over years, and means were presented. 
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Mean values were separated according to LSD test at 
P=0.05.  
 
3. Results and Discussion 
 
Yield and yield parameters. Bacterial 
inoculations improved the barley growth and growth 
parameters. The performance of the plants was better in 
inoculated treatments in comparison to the control. The 
results showed that grain yield (GY), straw yield (SY), 
and total yield (TY) of barley cultivars in each of two 
locations in both years significantly increased by N2-
fixing and P-solubilizing PGPR strains application 
compared with the control. The lowest GY, SY, and TY 
were recorded in the control treatment and the bacterial 
inoculations increased GY by 3.9-52.7%, SY by 2.50.-
32.3%, and TY by 2.83- 37.8.80% over the control on 
2-year average at two locations, respectively (Table 2). 
The GY of plant in 2007 was higher than GY of 2008, 
but the highest TY of wheat was found in 2008 at each 
location (table 2). The highest GY (4.07-3.65 Mg ha-1), 
SY (9.36-9.59 Mg ha-1), and TY (13.43-13.33 Mg ha-1) 
in both years average at two locations were obtained 
from 80 kg N ha-1 , and followed by in combination 
(OSU-142 + M3+ Azospirillum sp. 245) treatment at 
3.93-3.45 Mg ha-1 for GY,  8.32-8.77 Mg ha-1 for straw 
and 12.25-12.22 Mg ha-1 for total yields, respectively. In 
other words, mixed PGPR inoculations with the strain 
of OSU-142 + M3 + Azospirillum sp.245 has 
significantly increased GY, SY, TY and HI of wheat as 
good as full doses of nitrogen. When it is compared to 
40 kg N ha-1 treatment, bio-fertilizer applicants were 
more effective to increase the grain yield. In the current 
system, the results support reduced fertilizer rates down 
to 50% if PGPR was added because that is the 
minimum at which results were consistent.  
This is different from the observations of 
Canbolat [16] and Elkoca [17], who reported no 
significant difference in root and shoot biomass of 
barley or seed yield and biomass of roots and shoots of 
chickpea, respectively, when inoculant alone or fertilizer 
alone was used. 
 
Table 1.Some physical and chemical properties of soils in the experimental fields  
 2007 2008 
Soil properties Site 1 Site 2 Site 1 Site 2 
pH (1:2,5 s/w) 7.1 6.9 7.40 7.3 
Organic Matter % 2.2 1.8 1.55 2.8 
CaCO3, % 0.6 0.4 0.3 0.7 
P, kg P2O5 da-1 3.0 3.4 3.7 4.12 
K, cmolc kg -1 2.1 1.8 2.1 2.0 
Ca, cmolc kg-1  13.0 12.2 13.0 18.4 
Mg, cmolc kg-1  4.0 4.9 4.0 5.2 
Na, cmolc kg -1 0.2 0.3 0.2 0.4 
CEC, cmolc kg -1 25.3 24.9 21.3 30.1 
N, % 0.025 0.012 0.02 0.019 
NH4, mg kg-1 17.0 8.3 11.0 31.0 
NO3, mg kg-1 18.0 7.6 21.0 35.0 
Fe, mg kg-1 3.4 4.1 2.9 4.3 
Zn, mg kg-1 0.5 1.1 0.3 1.4 
Cu, mg kg-1 0.9 1.0 0.4 1.3 
Mn, mg kg-1 6.8 7.1 4.6 7.0 
Total salt,% 0.10 0.15 0.10 0.12 
Sand, % 38.0 40.0 31.0 36.0 
Silt, % 37.0 35.0 42.0 38.0 
Clay, % 24.0 25.0 27.0 26.0 
 
Soil enzymes activity. Trials under the field 
conditions showed that alone and in combinations of N2-
fixing and P-solubilizing PGPR strains application 
significantly enhanced soil dehydrogenase, urease, alkaline 
phosphates, and acid phosphates enzyme activities ( 
(Figure 1, 2) and nutrient content of different parts of 
barley (Table 3, 4 and 5). The lowest dehydrogenase, 
urease, alkaline phosphates, and acid phosphates activity 
were recorded in the control treatment and in the first 
sampled period, and maximum soil enzymes activity were 
reached 3 sampled period. The highest dehydrogenase, 
urease, alkaline phosphates, and acid phosphates activity 
were determined at OSU-142 + M-13+ Azospirillum sp. 
245, Bacillus OSU-142, and Bacillus M-3, respectively. 
OSU-142 + M-3+ Azospirillum sp. 245, Bacillus OSU-
142, Bacillus M-3 inoculation increased dehydrogenase, 
urease, alkaline phosphates, and acid phosphates activity 
by 200, 200, 189, and 192% at first sampled period, 219, 
182, 145, and 155% at second sampled period,  233, 234, 
365, and 250% at third sampled period, and 219, 182, 350, 
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and 293% at fourth sampled period over control, 
respectively (fig.1).  
Dehydrogenase activity is a measure of the 
intensity of microbial metabolism in soil as O2 is excluded 
from the soil, the total anaerobic activity increases and is 
reflected in an increase in dehydrogenase activity. 
Dehydrogenase activity of microbial inoculation soil was 
significantly higher than that of the control and mineral 
fertilizer and reached its maximum in the third sampled 
period during the plant growth. Marinari et al. [18] 
reported that a higher level of dehydrogenase activity was 
observed in soil treated with vermicompost and manure 
compost which has got huge microbial activity compared 
with mineral fertilizer.  
Martens et al., [13] reported that the enzyme 
activities in organic matter amended soil increase an 
average of twofold to fourfold compare with unamended 
soil (fig. 1).  
These results are similar to our finding that 
dehydrogenase activity in soil with OSU-142 + M-13+ 
Azospirillum sp. 245 treatment was approximately two fold 
higher than activity in the control treatments. 
 
Table 2. Yield and yield components of barley plant growth at two locations in 2007-2008 (Mg ha-1)  
2007 
I. Field II. Field 
Grain Straw Total biomass Grain Straw Total biomass 
Control 3.34e  6.57 e 9.91 d 2.46 d 7.90 c 10.36 c 
Nitrogen (80 kg N ha-1) 4.02 a 8.82a 12.84 a 3.34 a 10.66a 14.00 a 
Nitrogen ( 40 kg N ha-1) 3.79b  7.87b 11.66 ab 2.67 ab 11.07a 13.74 ab 
Bacillus OSU-142 3.69c  7.47 bc 11.16 b 3.02ab  9.04 b 12.06 bc 
Bacillus M3 3.50d  6.69e 10.19 c 2.85 c 7.98 d 10.83 c 
Azospirillum sp.245 3.76 b 8.07a 11.83 ab 3.04 ab 9.18 b 12.22 bc 
OSU-142 + M3+ Az.245 3.85 ab 8.04a 11.89 ab 3.10 a 9.41 b 12.51a-c 
B. megaterium RC07 3.43d  7.39 cd 10.82 c 2.87 c 8.26 c 11.13 c 
P. polymyxa RC05 3.72b  7.52 bc 11.24 b 2.93 b 8.69 c 11.62 bc 
B. licheniformis RC08 3.46d  6.65e 10.11 c 2.72 c 8.56 c 11.28 c 
2008 
I. Field II. Field 
Grain Straw Total biomass Grain Straw Total biomass 
Control 2.12 e 7.10f 9.12 d 2.20 e 7.11c 9.31e 
Nitrogen (80 kg N ha-1) 4.12 a 9.90 a 14.02a 3.95 a  8.51a  12.46 a 
Nitrogen ( 40 kg N ha-1) 3.60 c 8.15d 12.01c 3.58 c 7.45b 10.98  d 
Bacillus OSU-142 3.80 b 8.37 c 12.17 bc 3.53c  7.18c 10.71 d 
Bacillus M3 3.76 b 7.95e 11.71 c 3.50 c 7.51 b 11.51 c 
Azospirillum sp.245 3.88 b 7.78e 11.66 c 3.39 d 7.70 b 11.09cd  
OSU-142 + M3+ Az.245 4.00 ab 8.60 b 12.60ab 3.80 b 8.13b  11.93 b 
B. megaterium RC07 3.30 d 8.20 cd 11.50 c 3.66 c 7.65 b 11.31 c 
P. polymyxa RC05 3.55c 8.00 bc 11.55 c 3.39d  8.39 a 11.78 b 
B. licheniformis RC08 2.12 e 7.10f 9.12 d 2.20 e 7.11c 9.31e 
 
Urease enzyme activity, a hydrolase related to the hydrolysis of urea to CO2 and NH3, and which is widely used in 
the evaluation of changes in soil quality for soil management, increased with microbial inoculation especially Bacillus OSU-
142 treatments (fig. 1). Similar results have been reported [19, 20, 21]. The activity of soil alkaline and acid phosphates that 
are responsible for hydrolysis of both ester and hydrous H3PO4 of soil organic matter depends on various factors as soil type, 
soil fertility, type of fertilization, nutrient management and soil microbiological activity and varieties of higher plant species. 
[22, 23, 24]. Phosphates can originate from microorganisms such as bacteria, fungi or protozoa, but also from plant roots and 
animal. Plant roots may contribute an important source of acid phosphates in soils, but are devoid of alkaline phosphates 
activity [25, 26]. Studies of the dynamics of microbial phosphates production in soils generally suffer interference from the 
high activities of phosphates originating from roots [27]. The highest alkaline phosphates, and acid phosphates activity were 
determined at Bacillus M-3. Acid and alkaline phosphates enzyme activity of microbial inoculation soil was significantly 
higher than that of the control and mineral fertilizer and reached its maximum in the third sampled period during the plant 
growth. Kohler et al. [28] reported that a higher level of dehydrogenase and phosphates activity were observed in soil treated 
with Pseudomas mendocina, and only inoculation with Pseudomas mendocina had a significant effects on the dehydrogenase 
and phosphates activities, 21-89%, respectively, compared with the control.  
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Figure 1.  Effects of microbial inoculation on soil dehydogenase, urease soil alkaline and acid phosphatase 
enzyme activity of soil different growth period 
8 
TURAN Metin et al./ProEnvironment 6(2013) 324 - 331 
 
 330
 
Measurement of the size of soil microbial 
biomass couldn’t indicate microbial activity. 
Microbial activities include basal respiration rate and 
the activities of general enzymes such as alkaline 
phosphates and urease. Phosphates are involved in 
the transformation of organic and inorganic 
phosphorus compounds in soil [29], and urease are 
involved in releasing inorganic N in the cycle [30]. 
Effects of bio-fertilizer on plant nutrient 
element (PNE) contents of different parts of the 
plant. N2-fixing and P-solubilizing PGPR strains 
application promoted PNE contents part of the plant. 
Although the highest leaf, grain, and straw N was 
obtained from 80 kg N ha-1 followed by in 
combination (OSU-142 + M3+ Azospirillum sp. 245) 
treatment, P, S, Ca, K, Cu Mn, Fe, and Zn were 
obtained from Bacillus M-3 treatment (tables 3, 4 and 
5). The concentrations of plant nutrients measured 
were generally within accepted critical levels [31,32]. 
 
Table 3. Effects of bio fertilizer on leaf nutrient content of barley plant (mg kg-1) 
Inoculants N % Ca Mg P K S Fe Mn Zn Cu 
Control  2.74 e 3555 e 1262 d 3041d 5925c 2061 d 33.5 d 62.7c 38.4d 19.9 d 
Nitrogen ( 80 kg N ha-1) 3.92 a 4275c 1937a 3673c 6807 b 3311a 43.0 c 84.7 b 49.9b 26.9 b 
Nitrogen (40 kg N ha-1) 3.40c 3915d 1662 c 3206 d 6051dc 2690 c 34.7 d 68.5 c 42.7c 22.7c 
Bacillus OSU-142 3.78 b 3995 d 1612 c 3109 d 6448c 2563c 41.7c 75.9b 66.5a 24.1 c 
Bacillus M-3 3.27d 5795a 1862b 4340 a 7483 a 3361 a 63.7a 93.5a 57.3ab 29.8 a 
Azospirillum sp.245 3.39c 3135 d 1712c 3357d 5169 d 1818 55.8 b 67.1c 41.1 c 21.3 c 
OSU-142 + M-13 + 
Azospirillum sp.245 
3.75b 4735 b 1962a 3989 b 5673d 3356 a 51.2 b 75.9b 46.6c 24.2 c 
Bacillus megaterium 
RC07 
3.21d 4075c 1812 b 3357d 6177c 3049 b 55.0 b 89.1 b 62.8 a 28.3a 
Paenibacillus polymyxa 
RC05 
3.27 d 4155c 2012 a 3673 c 6429 c 2583c 54.2b 75.9 b 46.5c 24.1 c 
 
Table 4. Effects of bio fertilizer on grain nutrient content of barley plant (mg kg-1) 
Inoculants N % Ca  Mg  P  K  S  Fe  Mn  Zn  Cu  
Control  1.69 d 3086 d 1654 d 3251d  3741  637 d 34.33 f 7.01 g 8.73 f 4.41 g 
Nitrogen ( 80 kg N ha-1) 3.07 a 4629 c 3734 a 5316 b 4812 c 1056 a 62.83 b 8.65 f 9.06 ef 8.69 a 
Nitrogen (40 kg N ha-1) 2.66 b 3284d  2041 c 3570d  3298  893 b 41.12 e 13.87 b 8.76 f 5.95 de 
Bacillus OSU-142 2.54 b 3019 d 2461c  4423 c 4071c  886 cc 43.00 e 10.61 cd 9.79 ef 5.33 f 
Bacillus M-3 2.16 c 6240 a 2977 b 6400 a 7942a  818 b 69.53 a 15.51 a 15.31 a 8.52 a 
Azospirillum sp.245 2.27 c 5650 b 2244 c 4692 c 3264  703 c 58.53 c 13.90 b 10.76 c 7.72 b 
OSU-142 + M-13 + 
Azospirillum sp.245 
2.94 a  6242 a 3571a  5576 b 5329 b 1051 a 66.72 a 9.95 de 13.54 b 5.91 de 
Bacillus megaterium 
RC07 
2.78 b 4478 c 3030 b 4692 c 3529 d 884 b 54.51 d 11.26 c 8.75 f 6.26 cd 
Paenibacillus polymyxa 
RC05 
2.25 c 4629 c 2637c  5134 b 3673 d 769 c 55.59 d 13.22 b 10.25 cd 5.33 f 
 
Table 5. Effects of bio fertilizer on t straw nutrient content of barley plant (mg kg-1) 
Inoculants N % Ca  Mg  P  K  S  Fe  Mn  Zn  Cu  
Control  0.54 e 6852 e 3275e  801d  10638 d 425 d 153d  15.64 e 4.80c  11.25 e 
Nitrogen ( 80 kg N ha-1) 0.98a  16278a  5394 b 1251 c 17936 b 705a  286 b 30.29 a 4.98 c 22.17a  
Nitrogen (40 kg N ha-1) 0.85 a 10170 d 4042 d 976 d 14966c  597b  177 c 19.94 d 5.92 b 15.19b  
Bacillus OSU-142 0.81a  6703 d 4873 c 1123 c 11019d 491 d 221 b 23.66 c 5.38 b 13.61c  
Bacillus M-3 0.59 d 13853 b 7394a  1827 a 23119 a 646 b 310 a 34.59 a 8.42 a 19.17a  
Azospirillum sp.245 0.72 a 12543 c 4443 c 1105 c 13643 d 469 d 261b  30.94 a 5.92 b 12.04d  
OSU-142 + M-13 + 
Azospirillum sp.245 
0.94a  13860 b 5091b  1341 b 22278 a 702a  297a  22.20c  7.44 a 15.08 b 
Bacillus megaterium 
RC07 
0.89a  9941d  5999 b 1105 c 14753 c 591b  243 b 25.11 b 4.85c  15.98b  
Paenibacillus polymyxa 
RC05 
0.72a  10280d  5221 b 1209 c 15354 c 514 c 248b  29.48 a  5.64 b 13.70 c 
 
In plants treated by PGPR strains, the PNE 
concentration of leaf, straw and grain may provide 
important information about the effect of bacterial 
inoculation in PNE uptake. In this study, we have 
found that bacterial treatments increased PNE 
contents different part of barley plant. Generally, the 
29 
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enhancements in macro- and micro-nutrient contents 
were more pronounced in mixed and Bacillus M-3 
inoculation whereas the other bacterial treatments were 
also resulted in significant macro- and micro-nutrient 
increases in plant leaf, straw and grain. Enhancement of 
mineral uptake by plants should result in an increased 
accumulation of both dry matter and minerals in the 
stem and leaves of the plant. During the reproductive 
period, the accumulated minerals would be transferred 
to the reproductive parts of the plants [33]. The present 
study, for the first time, demonstrates increased P, K 
and micro-nutrient such as Mn, Fe, and Zn 
concentrations in field-grown barley grain, straw and 
leaf as a result of Bacillus megatherium (M-3) 
inoculations by means of increasing acid and alkaline 
phosphatase enzyme activity. Soil acid and alkaline 
phosphatese activity and Bacillus M-3 were tightly 
correlated with plant P and Mn, Fe, Zn uptake. Some of 
the previous studies with the same PGPR strains tested 
on chickpea, barley, raspberry, apricot and sweet cherry 
have been reported similar findings confirming our data 
in the present work. The use of OSU-142 and M-3 in 
chickpea [17] (Elkoca et al., 2008), barley [34], 
raspberry [35], apricot [36] and sweet cherry [37), 
strawberry [38] stimulated macro- and micro-nutrient 
uptake such as N, P, K, Ca, Mg, Fe, Mn, Zn, Cu.  
 
4. Conclusions 
 
Our results indicated that microbial inoculation 
of seeds with N2-fixing and P-solubilising PGPR strains 
alone and in combination, may substitute costly N 
fertilizer in barley production even in cold highland and 
low land areas and provide plant P requirement from soil 
P exchangeable and moderately available form reservoir 
via increasing the P solubility. In view of environmental 
pollution in case of excessive use of fertilizers and due to 
high costs in the production of N and P fertilizers, 
bacteria tested in our study may well be suited alone or in 
combination to achieve sustainable and ecological 
agricultural production in the region. An important 
nutritional problem of developing countries is micro-
nutrient malnutrition, also called hidden hunger. Our 
results also indicated that alone or in combination 
inoculations with N2-fixing and P-solubilizing PGPR 
strains could increase mineral concentration and 
accumulations in the grain. This paper supports the view 
that inoculations with PGPR have some potential to serve 
as a means to reduce hidden hunger trough enhanced 
mineral concentration and accumulation in grain. 
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